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(54) Mounting apparatus for electronic parts. 

(57) An electronic part mounting apparatus wherein a time required for attracting and mounting of a part 
is reduced comparing with a conventional electronic part mounting apparatus and which is simplified in 
construction and reduced in cost of an equipment and requires a comparatively small spacing. The 
amounting apparatus comprises a mounting head, an attracting nozzle mounted for vertical movement, 
an image pickup camera mounted in parallel to the attracting nozzle, and a mirror unit mounted for 
horizontal movement and including a plurality of reflecting mirrors disposed for opposing relationship 
to lower ends of the attracting nozzle and camera to define a light passageway from an electronic part 
attracted to the part attracting nozzle to the camera. When the attracting nozzle operates to attract or 
mount an electronic part the mirror unit is moved horizontally away from a position below the attracting 
nozzle, but when an image of the electronic part is to be picked up by the camera, the mirror unit is 
positioned just below the attracting nozzle to establish the light passageway. 
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This invention relates to an electronic part mount- 
ing apparatus for mounting electronic parts at pre- 
determined positions of a printed circuit board, and 
more particularly to an apparatus for picture proces- 
sing and identifying an attracted condition of an elec- 5 
tronic part attracted to a vacuum attracting nozzle and 
a position of such electronic part placed on a printed 
circuit board. 

In the field of automatic assembly of printed circuit 
boards, an electronic part mounting apparatus is 10 
employed to mount or place an electronic part such as 
an IC (integrated circuit) device, a small capacitor or 
a resistor at a predetermined position of a printed cir- 
cuit board. An electronic part mounting apparatus is 
constituted such that two layers of a double tape in 15 
which electronic parts are accommodated are 
exfoliated from each other to take out an electronic 
part and then the thus taken out electronic part is 
moved to and placed at a predetermined position of a 
printed circuit board on which the electronic part is to 20 
be mounted. 

In order to mount an electronic part accurately at 
a predetermined position of a printed circuit board, an 
accurate position of the printed circuit board must be 
identified, and in order to mount the electronic part 25 
accurately at the predetermined position including its 
orientation, a condition of the electronic part in which 
it is attracted by a vacuum attracting nozzle must be 
identified. As for the latter identification, for example, 
for an IC device, if the IC device is not in an intended 30 
attracted position or orientation, then leads of the IC 
device cannot be placed regularly on lands of the prin- 
ted circuit board. Therefore, an attracted condition of 
the IC device is identified, and the position and/or 
orientation of the IC device are adjusted to mount the 35 
IC device onto the printed circuit board. 

Referring to FIG. 6A, identification of a position of 
a printed circuit board is illustratively shown. An elec- 
tronic part mounting apparatus for mounting an elec- 
tronic part includes a head in which an attracting 40 
nozzle 7 for attracting an electronic part thereto by 
vacuum is provided. An electronic part attracting sec- 
tion 8 on which the attracting nozzle 7 is supported, a 
camera 60 and a lens 62 having a fixed magnification 
are also provided in the head of the electronic part 45 
mounting apparatus. The head is moved to a position 
above a printed circuit board 1 placed at a fixed loca- 
tion of the electronic part mounting apparatus, and a 
reference position of the printed circuit board 1 is 
inputted to a signal processing apparatus not shown 50 
by way of the camera 60 through the fixed magnifi- 
cation lens 62. Such input data are picture processed 
by the signal processing apparatus to detect an accu- 
rate position of the printed circuit board at which an 
electronic part is to be mounted. Further, referring to 55 
FIG. 6B, at a fixed position at which another camera 
64 and another fixed magnification lens 66 are dis- 
posed, an attracted condition of an electronic part 3 in 



which it is attracted to the attracting nozzle 7 is input- 
ted to the signal processing apparatus by way of the 
camera 64 through the fixed magnification lens 66 and 
then picture processed to identify such attracted con- 
dition of the electronic part 3. While such identification 
of a position of a printed circuit board as illustrated in 
FIG. 6A is performed once, such identification of an 
attracted condition of an electronic part as illustrated 
in FIG. 6B is performed by a plurality of times for indi- 
vidual electronic parts. 

Referring now to FIG. 7, there is illustrated a route 
of movement of the head to which an electronic part 
is attracted. The movable head on which the attracting 
nozzle 7, electronic part attracting section 8, camera 
60 and lens 62 are carried is first moved to a part 
attracting position CP, at which an electronic part 3 is 
attracted to the attracting nozzle 7 by vacuum. Then, 
the head is moved to a picture image processing posi- 
tion IP for which the camera 64 is disposed. Then, an 
attracted condition of the electronic part 3 is identified 
from below as illustrated in FIG. 6B. After then, the 
movable head is moved to a part mounting position 
MP for a printed circuit board, and then the electronic 
part 3 is released from vacuum attraction to the 
attracting nozzJe 7 and mounted at a predetermined 
position of the printed circuit board. 

The camera 64 and fixed magnification lens 66 
shown in FIG. 6B will be described more in detail. Ref- 
erring now to FIG. 8, in order to assure accurate iden- 
tification in accordance with a size of an electronic 
part to be identified, preferably three fixed magnifi- 
cation lenses 81 to 83 having different fixed magnifi- 
cations are disposed in front of cameras 85 to 87, 
respectively, and an attracted condition of en elec- 
tronic part 8 is inputted by way of the cameras 85 to 
87 through half mirrors 71 to 73. Thus, most approp- 
riate video data in connection with the magnifications 
of the fixed magnification lenses 81 to 83 are used to 
identify the attracted condition of the electronic part 
Since the camera 64 for identifying an attracted 
condition of an electronic part is disposed at the pic- 
ture image processing position IP as shown in FIGS. 
6B and 7, the movable head is moved, for each elec- 
tronic part attracting and mounting operation, along 
the route including the part attracting position CP, pic- 
ture image processing position IP and part mounting 
position MP. Accordingly, the movable head moves 
over a comparatively long distance since it moves 
from and to the picture image processing position IP 
outside a portion of the route of movement of the head 
between the other two positions CP and MP. Besides, 
since accurate positioning at the picture image pro- 
cessing IP is required, a comparatively long time is 
required for attracting and mounting of an electronic 
part, and accordingly, the working efficiency is low. 

Further, the camera 64 and fixed magnification 
lens 66 disposed at the fixed position for identifying an 
electronic part from below as illustrated in FIG. 6B 
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must be provided in addition to the camera 60 and 
fixed magnification lens 62 carried on the movable 
head for identifying a printed circuit board from above 
as illustrated in FIG. 6 A. which requires a correspond- 
ingly high cost of equipment Further, while the signal 
processing apparatus is used commonly for the 
cameras 60 and 64 disposed at a next stage, common 
signal processing accuracy cannot be achieved due 
to a small difference in accuracy between the camera 
60 and fixed magnification lens 66 and the camera 64 
and fixed magnification lens 66, and besides an oper- 
ation for adjusting or eliminating such difference is 
required. 

Further, if a plurality of systems of such half mir- 
rors 71 to 73, fixed magnification lenses 81 to 83 and 
cameras 85 to 87 as shown in FIG. 8 are provided in 
order to obtain an optimum picture image, then a cor- 
responding high cost of equipment is required, and 
besides an installation spacing for them may restrict 
installation of some other parts or may limit movement 
of the head. 

It is an object of the present invention to provide 
an electronic part mounting apparatus wherein a time 
required for attracting and mounting operations of an 
electronic part is reduced comparing with a conven- 
tional electronic part mounting apparatus. 

It is another object of the present Invention to pro- 
vide an electronic part mounting apparatus which is 
simplified in construction and reduced in cost of an 
equipment and requires a comparatively small spac- 
ing. 

It is a further object of the present invention to pro- 
vide an electronic part mounting apparatus which is 
high in accuracy in identification of an electronic part 
and a printed circuit board in position and orientation. 

In order to attain the objects, according to an 
aspect of the present invention, there is provided a 
mounting apparatus for mounting an electronic part, 
which comprises a mounting head, a part attracting 
nozzle mounted for movement in a vertical direction 
on the mounting head for attracting thereto an elec- 
tronic part to be mounted, an image pickup camera 
mounted in parallel to the part attracting nozzle on the 
mounting head, and a mirror unit mounted for move- 
ment in a horizontal plane on the mounting head and 
including a plurality of reflecting mirrors disposed for 
opposing relationship to a lower end of the part 
attracting nozzle and a lower end of the camera to 
define a light passageway along which an image of an 
electronic part attracted to the part attracting nozzle is 
transmitted to the camera, wherein the mirror unit is 
moved, when the part attracting nozzle operates to 
attract an electronic part thereto and also to mount the 
thus attracted electronic part, horizontally away from 
a position below the lower end of the part attracting 
nozzle, but when an image of an electronic part attrac- 
ted to the part attracting nozzle is to be picked up by 
the camera, the mirror unit is positioned just below the 



lower end of the part attracting nozzle to establish the 
light passageway. 

With the mounting apparatus for mounting an 
electronic part, an attracted condition of an electronic 

5 part attracted to the part attracting nozzle is detected 
by way of the image pickup camera to which an image 
of the electronic part is transmitted by way of the mir- 
ror unit which is positioned, when such image image 
picking up operation is performed, to establish the 

10 tight passageway from the electronic part to the image 
pickup camera. Accordingly, such an additional cam- 
era for detecting an attracted condition of an elec- 
tronic part as is provided at the picture image 
processing position IP in the conventional electronic 

15 part mounting apparatus described hereinabove with 
reference to FIGS. 6 A to 8 need not be provided. Con- 
sequently, a cost of equipment can be reduced and an 
installation spacing can be reduced. Further, since no 
such special position as the picture image processing 

20 position IP is provided, the part attracting nozzle may 
be directly moved between an electronic part attract- 
ing position and an electronic part mounting position, 
and consequently, a time required for mounting an 
electronic part can be reduced. Besides, since the 

25 mirror unit is moved horizontally away from the posi- 
tion below the lower end of the part attracting nozzle 
when an operation of the attracting nozzle to attract 
an electronic part thereto or to mount such electronic 
part, it will not interfere with such operation of the 

30 attracting nozzle. 

Preferably, the mounting head is mounted on 
horizontally moving means for moving the mounting 
head in a horizontal plane, and when the mounting 
head is moved in the horizontal plane by the horizon- 

35 taf moving means after an electronic part is attracted 
to the part attracting nozzle, an image of the electronic 
part is picked up by the camera while the mirror is 
operated at the same time. With the electronic part 
mounting apparatus, since pickup of an image of an 

40 electronic part is performed during movement of the 
mounting head, a time required for mounting an elec- 
tronic part can be further reduced. 

The mirror unit may further include another 
plurality of reflecting mirrors disposed so as to define 

45 another passageway of light to the camera to reflect 
to the camera a reference position mark on a circuit 
board onto which an electronic part is to be mounted. 
With the electronic part mounting apparatus, since 
detection of a position of an electronic part mounting 

50 member such as a printed circuit board onto which an 
electronic part is to be mounted is performed com- 
monly by way of the single image pickup camera, a 
possible error in accuracy in positional detection 
which arises, where two or more different cameras are 

55 employed, from a difference in accuracy between 
them is eliminated 

Preferably, the image pickup camera includes a 
lens system having a variable magnification so that an 
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optimum picture image may be obtained by focusing 
thereof. 

According to another aspect of the present inven- 
tion, there is provided an electronic part mounting 
apparatus wherein an electronic part is attracted and s 
an attracted condition of the electronic part is iden- 
tified, and then the position of the electronic part is 
corrected in accordance with a result of such identifi- 
cation and then the electronic part is mounted at a pre- 
determined location, wherein an electronic part 10 
mounting mechanism is moved directfy between an 
electronic part attracting position and an electronic 
part mounting position and carries thereon a camera, 
a fixed mirror, a movable mirror which is disposed for 
movement in an opposing relationship to the fixed mir- 15 
ror, a nozzle for attracting an electronic part thereto, 
a rotating and lifting mechanism for rotating and ver- 
tically moving the nozzle and a mechanism for moving 
the mirror such that a predetermined passageway of 
light may be defined by the camera, fixed mirror and 20 
movable mirror, and when the nozzle is being moved 
toward the electronic part mounting position after an 
electronic part has been attracted thereto, the rotating 
and lifting mechanism and the movable mirror moving 
mechanism cooperate with each other to move the 25 
movable mirror and also move the attracting nozzle 
upwardly to a vertical position which varies in accord- 
ance with a size of the electronic part attracted to the 
attracting nozzle and at which an attracted condition 
of the electronic part to the attracting nozzle is id en- 30 
tified with the camera and the position of the electronic 
part is corrected before another position at which the 
attracting nozzle collides with the mirror is reached. 

With the electronic part mounting apparatus, 
since the attracting nozzle is moved up to an optimum 35 
position in accordance with a size of an electronic part 
attracted thereto, a time required for such lifting move- 
ment is minimized. 

The present invention will be further described by 
way of non-limitative example with reference to the 40 
accompanying drawings in which like parts or ele- 
ments are denoted by like reference characters and 
in which:- 

FIGS. 1A to 1 D are schematic elevational views 
of an electronic part mounting apparatus at diffe- 45 
rent operative positions showing a preferred 
embodiment of the present invention: 
FIG. 2 is a block diagram of a signal processing 
apparatus of the electronic part mounting 
apparatus of FIG. 1A; 50 
FIG. 3 is a diagrammatic view illustrating picture 
image data of reference positions on a printed cir- 
cuit board; 

FIG. 4 is a diagrammatic view illustrating picture 
image data of an electronic part; 55 
FIG. 5 is an illustration showing a route of move- 
ment of an electronic part by the electronic part 
mounting apparatus of FIG. 1A; 



FIGS. 6A and 6B are schematic elevational views 
illustrating conventional identification of a refer- 
ence position of a printed circuit board and attrac- 
tion of an electronic part, respectively; 
FIG. 7 is an illustration showing a route of move- 
ment of an electronic part on a conventional elec- 
tronic part mounting apparatus; 
FIG. 8 is a schematic elevational view showing a 
conventional arrangement of electronic part 
mounting identifying cameras; 
FIG. 9 is a perspective view of another electronic 
part mounting apparatus showing a second pre- 
ferred embodiment of the present invention; 
FIG. 10 is an enlarged perspective view of the 
electronic part mounting apparatus of FIG. 9; 
FIGS. 11A to 11C are diagrammatic represen- 
tations illustrating different stages of operation of 
the electronic part mounting apparatus of FIG. 9; 
FIG. 12 is a similar view but illustrating identifi- 
cation of a sidewardly attracted condition of an 
electronic part on the electronic part mounting 
apparatus of FIG. 9; 

FIGS. 13 and 14 are similar views illustrating 
alternative manners of such identification at such 
a stage as shown in FIG. 11 B; 
FIG. 15 is a block diagram showing a controlling 
system for the electronic part mounting apparatus 
shown in FIG. 9; and 

FIG. 16 is a flow chart illustrating a part mounting 
process executed by the controlling system 
shown in FIG. 15. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIGS. 1A to 1D, there is shown 
an electronic part mounting apparatus to which the 
present invention is applied. The electronic part 
mounting apparatus shown includes a movable head 
on which a mirror unit 5, an electronic part attracting 
section 8 including an attracting nozzle 7, a camera 
10 and a zoom lens 12 are carried. Though not shown, 
the movable head further has carried thereon a ser- 
vomotor for moving the mirror unit 5 in a rightward 
direction R or a leftward direction L on a pair of rails 
mounted on the movable head, another servomotor 
for moving the electronic part attracting section 8 in an 
upward direction U or a downward direction D, and a 
further servomotor for moving the zoom lens 12 
upwardly or downwardly. Also the movable head is 
driven to move by a still further servomotor not shown, 
and a position of the movable head is detected by 
means of an encoder not shown. 

The mirror unit 5 includes a first mirror 51 , a sec- 
ond mirror 52, a third mirror 53 and a fourth mirror 54 
disposed in such a manner as seen in FIGS. 1A to 1D 
therein. The third and fourth mirrors 53 and 54 are dis- 
posed such that they may form such a light passage- 
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way 21 as seen in FIG. 1 A between the camera 10 and 
a printed circuit board 1 disposed at a fixed position 
below the mirror unit 5. Meanwhile, the first and sec- 
ond mirrors 51 and 52 are disposed such that they 
may form such another light passageway 23 as seen 
in FIG. 1C between the camera 10 and an electronic 
part 3 attracted to the attracting nozzle 7 located 
above the mirror unit 5. Since the mirror unit 5 is con- 
structed in such a manner as described above, an 
attracted condition of the electronic condition 3 and a 
reference position of the printed circuit board 1 can be 
detected. 

The camera 10 here is a CCD (charge coupled 
device) camera, and video data (picture image data) 
of the camera 10 are inputted to a signal processing 
apparatus 30 shown in FIG. 2. Referring to FIG. 2, the 
signal processing apparatus 30 includes an input unit 
31 for receiving video data from the camera 10, a 
memory 32 for storing therein video data received by 
the input unit 31, a data setting unit 33 for setting data 
therethrough, another memory 34 for storing therein 
data set by the data setting unit 33, an identifying and 
controlling unit 35 for reading video data and set data 
from the memories 32 and 32, respectively, and a dis- 
play unit 36 for displaying thereon a signal received 
from the identifying and controlling unit 35. 

In the electronic part mounting apparatus, a refer- 
ence mark of a printed circuit board 1 is detected to 
detect an accurate position of the printed circuit board 
1 placed on the fixed location of the apparatus. In par- 
ticular, referring to FIG. 1A, the movable head is 
moved to a position above a printed circuit board 1 as 
an electronic part mounting member placed at the 
fixed location of the electronic part mounting 
apparatus. The printed circuit board 1 has four refer- 
ence marks such as for identification of a position 
thereof applied to a surface thereof as seen in FIG. 3. 
The camera 1 0 is moved so that the reference marks 
of the printed circuit board 1 may be successively 
detected by the camera 10 carried on the movable 
head through the zoom lens 12 which has a magnifi- 
cation adjusted to a predetermined value by a zoom 
lens driving servomotor not shown in response to a 
controlling instruction from the identifying and control- 
ling unit 35. A video signal from the camera 10 is 
stored into the memory 32 by way of the input unit 31 . 
Data corresponding to the reference marks of the prin- 
ted circuit board 1 are stored in advance in the mem- 
ory 34 by way of the data setting unit 33. The 
identifying and controlling unit 35 compares the pic- 
ture image data stored in the memory 32 with the data 
stored in the memory 34 and controls the movable 
head to move so that the two data may coincide with 
each other. When the picture image data stored in the 
memory 32 coincide with the data stored in the mem- 
ory 34, a value of the encoder then is inputted and a 
position of the printed circuit board 1 placed on the 
fixed location is detected accurately. Then, the refer- 



ence marks inputted by way of the camera 10 and the 
reference marks stored by way of the data setting unit 
33 are displayed on the display unit 36 so that their 
relationship may be visually observed therefrom. 
5 On the electronic part mounting apparatus des- 

cribed above, electronic part attracting and mounting 
operations proceed in such a manner as described 
below. In particular, the movable head is moved be- 
tween a part attracting position CP and a part mount- 

10 ing position MP as illustrated in FIG. 5, and an 
attracted condition of an electronic part 3 is identified 
on a route of such movement of the movable head. 

More particularly, after the movable head is posi- 
tioned at the part attracting position CP as seen in 

15 FIG. 1B, the mirror unit 5 is moved in the rightward 
direction in FIG. 1B by the mirror unit driving ser- 
vomotor. Consequently, the electronic part attracting 
section 8 is enabled to be moved in the downward 
direction D. Thus, the electronic part attracting section 

20 8 is moved in the downward direction D by the elec- 
tronic part attracting section driving servomotor to 
attract an electronic part 3 placed at a predetermined 
location to the attracting nozzle 7 at an end of the elec- 
tronic part attracting section 8. 

25 Then, the attracting nozzle 7 and the electronic 

part attracting section 8 to which the electronic part 3 
is attracted are moved in the upward direction U by the 
electronic part attracting section driving servomotor 
as seen in FIG. 1C. After then, the mirror unit 5 is 

30 moved in the leftward direction L by the mirror unit 
driving servomotor. Consequently, a light passage- 
way 23 is formed between the electronic part 3 and 
the camera 10 so that an attracted condition of the 
electronic part 3 attracted to the end of the attracting 

35 nozzle 7 is inputted as a picture image signal from the 
camera 10 into the input unit 31. The picture image 
signal is stored into the memory 32. Then, the zoom 
lens driving servomotor is controlled to adjust the 
magnification of the zoom lens 12 by the identifying 

40 and controlling unit 35 so that an optimum focal con- 
dition may be reached. 

It is to be noted that, at a point of time at which 
the electronic part attracting section 8 is returned to 
its original position shown in FIG. 1C. the movable 

45 head is moved toward the part mounting position MP. 

During such movement, an attracted condition of 
the electronic part 3 is identified by the signal proces- 
sing apparatus 30. A regular attracted condition of a 
specific electronic part is stored into the memory 34 

so by way of the data setting unit 33, and the identifying 
and controlling unit 35 compares attracted condition 
data of the picture image data from the camera 10 
stored in the memory 32 with the regular electronic 
part attracted condition data stored in the memory 34. 

55 Then, if there is some difference between the attrac- 
ted conditions, then a difference between them is cal- 
culated. The attracted condition stored in the memory 
32 and the difference are displayed on the display unit 
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36 as shown in FIG. 4. FIG. 4 illustrates the attracted 
electronic part 3 and picture image data of the attract- 
ing nozzle 7 around the electronic part 3, and a broken 
line indicates such regular electronic part attracted 
condition as described above. 

After the movable head is moved to a position 
above the printed circuit board 1, the mirror unit 5 is 
moved in the rightward direction R by the mirror unit 
driving servomotor in response to a controlling 
instruction of the identifying and controlling unit 35 so 
that the attracting nozzle 7 to which the electronic part 
3 is attracted is enabled to be moved in the downward 
direction D. Such movement of the mirror unit 5 in the 
rightward direction R may otherwise be performed 
during movement of the movable head toward the 
mounting position MP. 

When the identifying and controlling unit 35 deter- 
mines from a result of identification of an attracted 
condition of the electronic part 3 that angular correc- 
tion and positional correction are required, it executes 
positional or angular correction of the electronic part 
attracting section 8 so that the electronic part 3 may 
be positioned accurately at a predetermined mounting 
position of the printed circuit board 1. After then, the 
electronic part 3 is released from attraction by the 
attracting nozzle 7 and thus mounted at the predeter- 
mined accurate position of the printed circuit board 1 . 

After then, the movable head is moved back from 
the mounting position MP to the attracting position 
CP. Then, such sequence of operations as described 
hereinabove with reference to FIGS. 1 B and 1 D will be 
repeated for a required number of electronic parts to 
be mounted. 

Referring now to FIG. 9, there is shown another 
electronic part mounting apparatus to which the pre- 
sent invention is applied. The present electronic part 
mounting apparatus includes an X-axis moving 
mechanism 88 and a pair of Y-axis moving mechan- 
isms 89 and 90. An electronic part mounting mechan- 
ism 91 is mounted on the X-axis moving mechanism 
88 so that it is moved in an X-axis direction of the X- 
axis moving mechanism 88. The X-axis moving 
mechanism 88 is moved in a perpendicular Y-axis 
direction along the Y-axis moving mechanisms 89 and 
90. 

In particular, the Y-axis moving mechanisms 89 
and 90 include a pair of beams 110 and 111 disposed 
in parallel to each other, a pair of feed screws 112 and 
113 and a pair of driving motors 114 and 1 1 5 mounted 
on the beams 110 and 111, respectively, and a mov- 
able beam 118 having a pair of feed nuts 116 and 117 
provided thereon and held in engagement with the 
feed screws 112 and 113, respectively. The X-axis 
moving mechanism 88 includes a feed screw 119 
mounted at the top of the movable beam 118 and a 
servomotor 120 also mounted at the top of the mov- 
able beam 1 1 8 and connected to drive the feed screw 
1 19 to rotate. The electronic part mounting mechan- 
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ism 91 is held in engagement with the feed screw 119 
so that it can be moved in an X-axis direction by rota- 
tion of the feed screw 119. 

Referring now to FIG. 10, the electronic part 

5 mounting mechanism 91 is shown more in detail. The 
electronic part mounting mechanism 91 carries the- 
reon a fixed mirror 92, a movable mirror 93, a half mir- 
ror block 94, first to third cameras 95, 96 and 97, a 
rotating, vertically moving and attracting mechanism 

10 98 and a movable mirror moving mechanism 99 for 
moving the movable mirror 93 in a horizontal direction 
H. The rotating, vertically moving and attracting 
mechanism 98 has a rotating section 100 provided at 
a lower portion thereof and rotates the rotating section 

15 100 in a direction indicated by an arrow mark R. The 
rotating, vertically moving and attracting mechanism 
98 also moves the rotating section 1 00 upwardly or 
downwardly in a Z-axis direction, that is, in a vertical 
direction. Also a reflecting plate 101 and an attracting 

20 nozzle 1 02 are rotated or moved upwardly or down- 
wardly in response to rotation or upward or downward 
movement of the rotating section 1 00. The rotating, 
vertically moving and attracting mechanism 98 further 
has a vacuum attracting mechanism so that it may 

25 attract an electronic part thereto by way of an attract- 
ing nozzle 102. 

In particular, the rotating, vertically moving and 
attracting mechanism 98 is connected to a feed nut 

123 of a driving mechanism which includes a feed 
30 screw 122, the feed nut 1 23 and a driving servomotor 

124 all provided on a movable block 121 so that it may 
be moved upwardly or downwardly by the driving 
mechanism. The rotating, vertically moving and 
attracting mechanism 98 is also connected to another 

35 servomotor 125 located thereabove on the movable 
block 121 so that it may be driven to rotate by the ser- 
vomotor 125. Meanwhile, the movable mirror 93 is dri- 
ven by a driving mechanism 99 which is integrated 
therewith and mounted for sliding movement at a 

40 lower end portion of the movable block 121. The mov- 
able mirror driving mechanism 99 is connected by 
way of a connecting bar 130 to an end 129 of a linkage 
lever 1 28 which is mounted for leftward and rightward 
movement on the movable block 121. The linkage 

45 lever 128 is connected at the other end thereof to a 
feed screw 126 mounted at the top of the movable 
block 121 and connected to a servomotor 127 also 
mounted at the top of the movable block 121. Thus, 
as the servomotor 1 27 rotates, the movable mirror 93 

so is moved in a horizontal direction H. 

The half mirror block 94 includes first to third half 
mirrors 103, 104 and 105 as shown in FIG. 1 1A. The 
half mirrors 103, 104 and 105 transmit therethrough 
a video image from the fixed mirror 92 to the cameras 

55 95. 96 and 97 thereabove, and the first hatf mirror 1 03 
reflects such video image to the second and third half 
mirrors 104 and 105. 

A positional relationship of the fixed mirror 92, 

6 
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movable mirror 93, attracting nozzle 102. reflecting 
mirror 101, rotating section 100. first to third half mir- 
rors 1 03 to 1 05 and first to third cameras 95 to 97 is 
shown in FIG. 11 A. The first to third cameras 95, 96 
and 97 have different magnifications which are set to 
suitable values so that an attracted condition of an 
electronic part attracted to the attracting nozzle 102 
may be identified in accordance with a size thereof 
from a picture image. 

The electronic part mounting apparatus is control- 
led by a controlling system shown in block diagram in 
FIG. 15. Referring to FIG. 15, the servomotors 114, 
1 15, 120. 124. 125 and 127 of the X- and Y-axis mov- 
ing mechanisms 88, 89 and 90, rotating, vertically 
moving and attracting mechanism 98 and movable 
mirror moving mechanism 99 and a picture image pro- 
cessing apparatus 132 are connected to a programm- 
able controlling apparatus 131 so that they may be 
controlled by the latter. Data of a type and a quantity 
of parts to be mounted, locations of parts to be moun- 
ted, a mounting orientation and so forth are inputted 
to the programmable control apparatus 131 by way of 
suitable inputting means not shown while part mount- 
ing orientation correction data are fed back from a part 
mounting angle correction data generating apparatus 
133 connected to the picture image processing 
apparatus 132 so as to control the rotating, vertically 
moving and attracting mechanism 98. 

FIGS. 11A to 11C show different steps of a pro- 
cedure of mounting an electronic part 106 of a com- 
paratively large size onto a printed circuit board 1 07 
by the electronic part mounting apparatus described 
above. When the large size electronic part 106 is to 
be mounted by the attracting nozzle 102, first the X- 
axts moving mechanism 88 is positioned by the Y-axis 
moving mechanisms 89 and 90, and then the elec- 
tronic part mounting mechanism 91 is positioned in 
the X-axis direction by the X-axis moving mechanism 
98. Consequently, the attracting nozzle 102 carried 
on the electronic part mounting mechanism 91 is posi- 
tioned in the X- and Y-axis directions of the electronic 
part receiving station 108 on which the electronic part 
106 to be mounted is placed. 

After the attracting nozzle 1 02 is positioned in the 
X- and Y-axis directions, it is moved to a position of 
the electronic part 106 on the electronic part receiving 
station 108 by the rotating, vertically moving and 
attracting mechanism 98 and attracts the large size 
electronic part 106 thereto by vacuum as shown in 
FIG. 11 A. 

After the attracting nozzle 1 02 attracts the large 
size electronic part 106 thereto, it starts to be moved 
to a mounting position of the printed circuit board 107 
by movement of the electronic part mounting mechan- 
ism 91 in the X-axis direction and movement of the X- 
axis moving mechanism 98 in the Y-axis direction. 

During such transportation of the large size elec- 
tronic part 1 06 after the electronic part 106 is attracted 



by vacuum to the attracting nozzle 102 as described 
above, the movable mirror 93 is moved in the right- 
ward direction in FIG. 11B while the attracting nozzle 
102 is moved upwardly by a distance H1 as illustrated 

5 in FIG. 1 1 B. Such movement of the movable mirror 93 
is performed in order to prevent the same from collid- 
ing inadvertently with the electronic part 1 06 attracted 
to the attracting nozzle 102. 

Such upward movement of the attracting nozzle 

w 102 is judged such that the large size electronic part 
106 attracted to the attracting nozzle 102 is recog- 
nized by way of the first half mirror 103 and first cam- 
era 95 in such a manner as seen in FIG. 12. In 
particular, the attracting nozzle 1 02 to which the large 

15 size electronic part 1 06 is attracted is moved upwardly 
by the rotating, vertically moving and attracting 
mechanism 98 from a position wherein it is not recog- 
nized by the first camera 95 to another position whe- 
rein it is recognized by the first camera 95. At the lifted 

20 position, an attracted condition of the electronic part 
106 in a sideward direction, that is, an attracted con- 
dition of the electronic part 106 as viewed in a horizon- 
tal direction, is identified by a picture image 
processing section not shown in accordance with pic- 

25 ture image data produced from the camera 95. 

After the large size electronic part 106 is moved 
upwardly further to a position at which an attracted 
condition thereof can be recognized sufficiently in a 
vertical direction, such upward movement is stopped. 

30 After upward movement of the attracting nozzle 

102 is stopped, an accurate attracted condition of the 
targe size electronic part 106 is identified by the first 
camera 95 by way of the first half mirror 103. In this 
instance, identification of an attracted condition of the 

35 large size electronic part 1 06 is performed by way of 
the optical system of the movable mirror 93, fixed mir- 
ror 92, first half mirror 103 and first camera 95. Iden- 
tifying processing itself of such attracted condition is 
executed by the picture image processing section not 

40 shown in a similar manner as in a conventional elec- 
tronic part mounting apparatus. 

After such identification of an attracted condition 
of the large size electronic part 1 06. the movable mir- 
ror 93 is retracted to its original position indicated by 

45 a broken line in FIG. 1 2 by the movable mirror moving 
mechanism 99. 

In this manner, upward movement of the attract- 
ing nozzle 102. movement of the movable mirror 93 
and identification of an attracted condition of the large 

so size electronic part 106 are performed while the 
attracting nozzle 102 to which the large size electronic 
part 106 is attracted is moved to the mounting position 
of the printed circuit board 1 07 by movement of the 
electronic part mounting mechanism 91 in the X-axis 

ss direction and movement of the X-axis moving 
mechanism 88 in the Y-axis direction as illustrated in 
FIG. 16. Accordingly, an attracted condition of the 
large size electronic part 1 06 is identified in the pro- 
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cess of movement of the large size electronic part 
106, and consequently, a time required for transpor- 
tation of the large size electronic part 106 can be 
reduced. 

Identification of the large electronic part 106 is 
performed in the process of transportation of the same 
to the printed circuit board 107 in this manner, and if 
it is determined necessary to adjust the mounted posi- 
tion of the large size electronic part 106, then the rotat- 
ing section 100 is rotated suitably by the rotating, 
vertically moving and attracting mechanism 98. 

After the attracting nozzle 102 to which the large 
size electronic part 106 is attracted is moved down to 
a position just above the mounting position of the prin- 
ted circuit board 107, the large size electronic part 1 06 
is placed at the mounting position of the printed circuit 
board 107 as shown in FIG. 11C. In particular, the 
attracting nozzle 102 is moved down by the rotating, 
vertically moving and attracting mechanism 98 until 
the large size electronic part 106 is contacted with the 
mounting position of the printed circuit board 107, and 
then attraction of the large size electronic part 106 is 
cancelled. Consequently, the large size electronic 
part 106 is mounted onto the predetermined position 
of the printed circuit board 1 07. 

After the large size electronic part 106 is mounted 
onto the printed circuit board 107, the attracting 
nozzle 102 is moved upwardly by the rotating, verti- 
cally moving and attracting mechanism 98, and then 
the electronic part mounting mechanism 91 and the X- 
axis moving mechanism 98 are driven again to move 
the attracting nozzle 102 to the electronic part receiv- 
ing station 108. 

Another electronic part 108 of a medium size or 
a further electronic part 1 09 of a small size is mounted 
in a similar manner as in the case of mounting of the 
large size electronic part 106. In such an instance, 
however, the lifted position for identification of an 
attracted condition of an electronic part is different 
depending upon a size of the electronic part. In par- 
ticular, when the medium size electronic part 108 is to 
be mounted, it is moved up, as shown in FIG 1 3, by a 
distance H2 smaller than the distance H1 by which the 
large size electronic part 106 is lifted, but when the 
small size electronic part 109 is to be mounted, it is 
moved up, as shown in FIG. 14. by a distance H3 
further smaller than the distance H2. Such lifted posi- 
tion of the medium size electronic part 108 or small 
size electronic part 109 is detected by the second half 
mirror 1 04, second camera 96 and picture image pro- 
cessing section not shown as seen in FIG. 1 3 or by the 
third half mirror 105, third camera 97 and picture 
image processing section as seen in FIG. 14. In short, 
identification of an attracted condition of the medium 
size electronic part 108 is performed by the second 
camera 96 while identification of an attracted condi- 
tion of the small size electronic part 109 is performed 
by the third camera 97. To this end, the first, second 
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and third half mirrors 103, 104 and 105 are each con- 
stituted from a semi-transmitting half mirror. 

It is to be noted that FIGS. 13 and 14 show the 
electronic part mounting apparatus at the position 

5 shown in FIG. 11 B. 

Since the position at which an electronic part 
attracted to the attracting nozzle 102 collides with the 
movable mirror 93 depending upon a size of the elec- 
tronic part as apparent from the foregoing description, 

10 the attracting nozzle 1 02 is moved up to a lowest ver- 
tical position at which an electronic part attracted 
thereto does not collide with the movable mirror 93. 

The picture image processing section for control- 
ling such operation of the electronic part mounting 

75 apparatus and identifying an attracted condition of an 
electronic part may be realized, for example, with a 
microcomputer. Thus, control of a position of the X- 
axis moving mechanism 88, control of positions of the 
Y-axis moving mechanisms 89 and 90, control of rota- 

20 tion, upward and downward movement and attraction 
of the rotating, vertically moving and attracting 
mechanism 98, control of movement of the movable 
mirror moving mechanism 99, detection of a lifted 
position of an electronic part, identification of an 

25 attracted condition of an electronic part and adjust- 
ment of a rotational position of an electronic part 
which is executed when necessary are executed by 
the microcomputer. 

While the electronic part mounting apparatus 

30 described above involves attraction of an electronic 
part by vacuum, an electronic part may otherwise be 
attracted by magnetism or else be gripped mechani- 
cally. Thus, according to the present invention, 
"attraction" includes not only attraction by vacuum 

35 and magnetic attraction but also mechanical gripping 
and some other mechanical attraction. 

Having now fully described the invention, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto with- 

40 out departing from the spirit and scope of the invention 
as set forth herein. 



Claims 

45 

1 . A mounting apparatus for mounting an electronic 
part, comprising a mounting head, a part attract- 
ing nozzle mounted for movement in a vertical 
direction on said mounting head for attracting 

so thereto an electronic part to be mounted, an 

image pickup camera mounted in parallel to said 
part attracting nozzle on said mounting head, and 
a mirror unit mounted for movement on said 
mounting head and including a plurality of reflect- 

55 ing mirrors disposed for opposing relationship to 

a lower end of said part attracting nozzle and a 
lower end of said camera to define a light pas- 
sageway along which an image of an electronic 

8 
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part attracted to said part attracting nozzle is 
transmitted to said camera, wherein said mirror 
unit is moved, when said part attracting nozzle 
operates to attract an electronic part thereto and 
also to mount the thus attracted electronic part, 5 
away from a position below said lower end of said 
part attracting nozzle, but when an image of an 
electronic part attracted to said part attracting 
nozzle is to be picked up by said camera, said mir- 
ror unit is positioned just below said lower end of 10 
said part attracting nozzle to establish said light 
passageway. 

2. A mounting apparatus according to daim 1 . whe- 
rein said mounting head is mounted on horizon- 15 
tally moving means for moving said mounting 
head in a horizontal plane, and when said mount- 
ing head is moved in the horizontal plane by said 
horizontal moving means after an electronic part 
is attracted to said part attracting nozzle, an 20 
image of the electronic part is picked up by said 
camera while said mirror is operated at the same 
time. 



mirror moving mechanism cooperate with each 
other to move said movable mirror and also move 
said attracting nozzle upwardly to a vertical posi- 
tion which varies in accordance with a size of the 
electronic part attracted to said attracting nozzle 
and at which an attracted condition of the elec- 
tronic part to said attracting nozzle is identified 
with said camera and the position of the electronic 
part is corrected before another position at which 
said attracting nozzle collides with said mirror is 
reached. 



3. A mounting apparatus according to claim 1 or 2, 25 
wherein said mirror unit further includes another 
plurality of reflecting mirrors disposed so as to 
define another passageway of light to said cam- 
era to reflect to said camera a reference position 
mark on a circuit board onto which an electronic 30 
part is to be mounted. 

4. A mounting apparatus according to claim 1 ,2 or 3, 
wherein said image pickup camera includes a 
lens system having a variable magnification. 35 

5. An electronic part mounting apparatus wherein 
an electronic part is attracted and an attracted 
condition of the electronic part is identified, and 
then the position of the electronic part is corrected 40 
in accordance with a result of such identification 

and then the electronic part is mounted at a pre- 
determined location, wherein an electronic part 
mounting mechanisrii is moved directly between 
an electronic part attracting position and an elec- 45 
tronic part mounting position and carries thereon 
a camera, a fixed mirror, a movable mirror which 
is disposed for movement in an opposing relation- 
ship to said fixed mirror, a nozzle for attracting an 
electronic part thereto, a rotating and lifting so 
mechanism for rotating and lifting said nozzle and 
a mechanism for moving said mirror such that a 
predetermined passageway of light may be 
defined by said camera, fixed mirror and movable 
mirror, and when said nozzle is being moved 55 
toward the electronic part mounting position after 
an electronic part has been attracted thereto, said 
rotating and lifting mechanism and said movable 
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